Chemical synthesis and enzymatic properties of RNase A analogues designed to enhance second-step catalytic activity.
In this paper, we have used total chemical synthesis of RNase A analogues in order to probe the molecular basis of enzyme catalysis. Our goal was to obligately fill the adenine-binding pocket on the enzyme molecule, and to thus pre-orient the imidazole side chain of His119 in its catalytically productive orientation. Two designed analogues of the RNase A protein molecule that contained an adenine moiety covalently bound to distinct amino acid side chains adjacent to the adenine binding pocket were prepared. A crystal structure of one analogue was determined at 2.3 Å resolution. Kinetic data for RNA transphosporylation and 2',3' cyclic mononucleotide hydrolysis were acquired for the adenine-containing RNase A analogue proteins. As anticipated, the presence of a covalently attached adenine on the enzyme molecule decreased the rate of transphosphorylation and increased the rate of hydrolysis, although the magnitude of the effects was small. This work illustrates the use of total protein synthesis to investigate the chemistry of enzyme catalysis in ways not possible through traditional biochemistry or molecular biology.